In this study, we examine the short-term effects of an intervention aimed at developing teachers' responsive pedagogy in mathematics. The study analyses how an emphasis on responsive pedagogy in 9th grade classrooms over a period of seven months might strengthen students' feedback, self-regulated learning, selfefficacy and achievement in mathematics. Nine schools attended as intervention group (N = 40 classes; 1003 students). 11 compatible schools (N = 37 classes; 896 students) were recruited as a control group. Students responded to a pre-post questionnaire and conducted a pre-post achievement test. Results show small, significant differences between the total scores for the pre-and post-measures in the intervention group for the variables elaboration, task value motivation, effort and persistence, self-efficacy and self-conception. Significant differences between the treatment and control group is found for the achievement emotions anxiety and enjoyment. No significant difference is found for achievement in mathematics.
PUBLIC INTEREST STATEMENT
Children of today, and citizens of the future, have to learn how to search for information and to be capable of taking control of their own learning to acquire relevant knowledge. An understanding of mathematics is central to preparedness for life in modern society. A growing proportion of problems and situations encountered in daily life, including in professional contexts, require some level of understanding of mathematics, mathematical reasoning and mathematical tools, before they can be fully understood and addressed. But we argue that children have to learn how to learn and believe in their own competence to develop. In this study, we examine the short-term effects of an intervention aimed at developing responsive pedagogy in mathematics. The study analyses how an emphasis on responsive pedagogy in 9th grade classrooms over a period of seven months might strengthen students' achievement in mathematics, self-regulated learning, learning strategies, and self-efficacy beliefs in mathematics.
Introduction
The aim for this study is to examine the effects of an intervention aimed at developing teachers' responsive pedagogy to strengthening student learning in mathematics in 9th grade (students age [13] [14] . Responsive pedagogy is defined as a learning dialogue with feedback as a central driver to foster students' self-regulatory processes and students' beliefs in their abilities (Smith, Gamlem, Sandal, & Engelsen, 2016) . Responsive pedagogy is conceptualised as the recursive dialogue between a learner's internal feedback and external feedback provided by a significant other (e. g., teacher, peer). An example of such a dialogue is a cumulative dialogue between a teacher and a student where the teacher supports the student's metacognitive processes by asking questions for critical reflections or suggesting strategies to support the student's self-regulation of learning, whilst at the same time communicating high expectations and strengthening the student's selfefficacy. Thus, in the instructional encounter internal and external feedback processes can be cyclically emphasised and strengthened between a student and a teacher.
Literature highlights the importance of building a mutual dialogue, in contrast to more typical classroom conversation in which teachers ask questions, students respond, and teachers ask follow-up questions (Mehan, 1979; Sinclair & Coulthard, 1975) . Panadero, Andrade, and Brookhart (2018a) state that there is a need to examine the psychological and social effects of formative assessment to better understand how it affects self-regulated learning. "Only by understanding internal cognitive and affective processes, we can truly understand the power of formative assessment" (Panadero et al., 2018a, p. 28) . Further, Black and Wiliam (2018) claim that the role of assessment needs to be part of the pedagogy.
A theoretical understanding of how to promote assessment-based learning and self-regulated learning has received extensive attention over the past decade (Panadero et al., 2018a; Panadero, Jonsson, & Botella, 2017; Zimmerman, 2001) . Although self-regulated learning recently has been studied, the concept is based on historical results from educational research (e.g. Bandura, 1989; Vygotsky, 1978) . The idea that students should take responsibility for their own learning and play an active role in the learning process replaced instructional theories and assigned a proactive rather than a reactive role to the learner (Zimmerman, 2001) . Based on this paradigm shift for student involvement, theories about assessment and self-regulated learning have evolved (Andrade, 2010; Dignath & Büttner, 2008) . Over the last 20 years, theories have accounted for motivational and volitional components of learning and academic self-regulation (Boekaerts & Corno, 2005; Zimmerman, 2000a Zimmerman, , 2001 , and the relationships between self-assessment, selfregulated learning and self-efficacy have become the objects of empirical research (Panadero et al., 2018a (Panadero et al., , 2017 .
There is evidence that cognitive strategies, particularly memory and monitoring processes, influence mathematical learning from primary school (Swanson & Jerman, 2006) . Methods underlying cognitive strategy instruction is explicit instruction, which incorporates research-based practices and procedures such as modelling, verbal rehearsal, cueing, and feedback (Montague, 2003) . The work of Niss and his Danish colleagues (e.g. Niss & Jensen, 2002) have identified eight capabilities-referred to as "competencies" by Niss and the PISA framework (OECD, 2004)-that are instrumental for mathematical behaviour. The PISA 2018 Mathematics framework uses a modified formulation and introduce seven capabilities and further state that these cognitive capabilities are available to or learnable by students in order to understand and engage with the world in a mathematical way, or to solve problems (OECD, 2019) . Mathematical literacy frequently requires devising strategies for solving problems mathematically, and it involves communication. The PISA 2018 Mathematics framework (OECD, 2019) present capabilities (competencies) as e.g.; Communication and Devising strategies for solving problems. Reading, decoding and interpreting statements, questions, tasks or objects enables students to form a mental model of the situation, which is an important step in understanding, clarifying and formulating a problem. Later, once a solution has been found, the problem solver may need to present the solution, and perhaps an explanation or justification, to others (OECD, 2019, p. 80) . Students' capability to devising strategies for solving problems involves a set of critical control processes that guide a student to effectively recognise, formulate and solve problems. This skill is characterised as selecting or devising a plan or strategy to use mathematics to solve problems arising from a task or context, as well as guiding its implementation. This mathematical capability can be demanded at any of the stages of the problem-solving process (OECD, 2019, p. 81) . To illustrate, for mathematical problem solving, students learn to read, analyse, evaluate, and verify math problems using comprehension processes such as paraphrasing, visualization, and planning as well as self-regulation strategies (Mevarech, Tabuk, & Sinai, 2006; OECD, 2019; Weinstein, Goetz, & Alexander, 1988) . Further, self-regulation enhances learning by helping students to take control of their actions, seeking feedback and move toward independence as they learn.
In line with these former studies, the current paper seeks to answer the following question: In what ways and to what extent does a seven-month instructional intervention with teachers based on responsive pedagogy yield short-term effects on student learning in mathematics?
Responsive pedagogy
As already mentioned, responsive pedagogy is defined as a learning dialogue (Smith et al., 2016) . An essential part of responsive pedagogy is the explicit intention of the teacher to make learners believe in their own competence and their ability to successfully complete tasks and meet challenges, thereby strengthening students' self-regulation and self-efficacy in relation to a specific domain or task and increasing their overall self-concept. Responsive pedagogy has an initial emphasis on the iterative process of cyclically engaging with students' thoughts and reflections in relation to the information and comments provided by significant others.
Responsive pedagogy can be understood as a formative assessment condition where students' self-regulated learning and self-efficacy beliefs are emphasised (Panadero et al., 2018a; Smith et al., 2016) . Formative assessment is classroom assessment that provides information about students' progress and then uses that information to support adjustments and revisions to both teaching and learning with the goal of enhancing student learning (Black & Wiliam, 1998; Hattie & Timperley, 2007) . Formative assessment, done well, promotes students' understanding of what they are trying to learn, how they will know they are learning and how they will move forward (Gardner, 2012; Panadero et al., 2018a) . Further, self-regulatory strategies and metacognitive skills need to be trained during education as self-regulated learning programmes have proved to be effective even at primary levels of education (Dignath, Buettner, & Langfeldt, 2008) .
Responsive pedagogy is centred around the feedback dialogue between a learner and a significant other (Smith et al., 2016) , and is a response to a proposal of embedding formative assessment in pedagogy (Black & Wiliam, 2018) . Feedback is an inherent catalyst for all self-regulated activities (Butler & Winne, 1995) . Still, feedback can preclude or impede students' learning (Hattie & Timperley, 2007; Kluger & DeNisi, 1996) . For feedback to enhance learning, it should be an integral part of the teaching and learning process (Andrade, 2010; Black & Wiliam, 2009; Hattie & Gan, 2011; Hattie & Timperley, 2007; Sadler, 1998) , it should encourage thinking (Black & Wiliam, 2009; Perrenoud, 1998) and be understandable to the receiver (Black & Wiliam, 1998; Sadler, 1989 Sadler, , 1998 . To reach this goal, teachers will need to provide embedded feedback in learning activities and take advantage of the 'moments of contingencies' elicited for building students' learning (Black & Wiliam, 1998 ). Further, students' active participation in seeking and using feedback will be important for their selfregulation processes (Andrade, 2010; Butler & Winne, 1995) . Zimmerman (1998) claimed that self-regulated learning is an important factor for effective learning and the development of academic skills. According to a widely used definition, self-regulated learning is "self-generated thoughts, feelings, and actions that are planned and cyclically adapted to the attainment of personal goals" (Zimmerman, 2000b, p. 14) . Self-regulated learners are thus understood as metacognitively, motivationally and behaviourally active participants in their own learning processes (Zimmerman, 1986 ) who self-regulate thoughts, feelings and actions to attain their learning goals (Zimmerman, 2001) .
The cognitive and metacognitive strategies teachers use to facilitate and enhance students' engagement in work with instructional content are important for student learning (Hafen et al., 2015; Wiliam & Leahy, 2007; Zimmerman, 2000b) . Perels, Dignath, and Schmitz (2009, p. 20) explained that training which combines the teaching of strategies with mathematics mostly focuses on cognitive strategies and rarely on self-regulatory or metacognitive learning strategies. The capability to judge one's own and others' work, also referred to as 'evaluative judgement' (Panadero, Broadbent, Boud, & Lodge, 2018b) , has been identified as a key component in fostering student self-regulation. Self-assessment has also been highlighted as vital in promoting selfregulated strategies and self-efficacy (Panadero et al., 2017) .
Self-efficacy beliefs have been found to be sensitive to subtle changes in students' performance context, to mediate students' academic achievement and to interact with self-regulated learning processes (Panadero et al., 2017; Zimmerman, 2000a) . Self-efficacy is a belief about the personal capabilities to perform a task and reach established goals (Bandura, 1997) . These efficacy beliefs influence students' thoughts, feelings, motivations and actions (Bandura, 1993; Eccles et al., 1993; Zimmerman, 2000a) . Students' beliefs in their own capacity to exercise control over their lives are essential to enhancing learning.
Emotions facilitate or impede students' self-regulation of learning (Pekrun, Goetz, Titz, & Perry, 2002) . Zimmerman (2000a) said that "self-efficacy beliefs have shown convergent validity in influencing such key indices of academic motivation as choice of activities, persistence, level of effort, and emotional reactions" (p. 86). A study by Bandura and Schunk (1981) found that students' mathematical self-efficacy beliefs were predictive of their choice of engaging in subtraction problems rather than other tasks. The choice of arithmetic activity was in relation to the learners' sense of efficacy; the higher the sense of efficacy, the more advanced the choice of the arithmetic activity.
Students' beliefs about their efficacy to manage academic tasks can also influence students emotionally by decreasing anxiety, depression and stress (Bandura, 1997) . Positive activating emotions such as enjoyment of learning may generally enhance academic motivation, whereas negative emotions may be detrimental (Pekrun et al., 2002, p. 97) . Research has found that students are more willing to invest effort and time in mathematics if learning activities are enjoyable and interesting rather than anxiety-laden or boring (Frenzel, Pekrun, & Goetz, 2007; Villavicencio & Bernardo, 2013) . Pekrun et al. (2002) explained that anger, anxiety and shame can be assumed to reduce intrinsic motivation because negative emotions tend to be incompatible with enjoyment as implied by interest and intrinsic motivation.
Self-efficacy has become one of the most important variables both in research on motivation and on self-regulated learning (e.g. Zimmerman, Bandura, & Martinez-Pons, 1992) , and selfefficacy has therefore been integrated into self-regulated learning models (Panadero, 2017; Panadero et al., 2017) .
The measurements of self-efficacy and self-regulated learning is a difficult area of research as these concepts belong to an internal process that cannot directly be assessed, and researchers need to find ways to assess it (Boekaerts & Corno, 2005; Panadero et al., 2017) . The change of approaches to understanding self-efficacy and self-regulated learning, from a trait-based to a process-based perspective, affects the type of measurement required to capture the phenomenon. Panadero et al. (2017) proposed that the research field of self-regulated learning is in a wave where a range of methods and instruments that combine different features promoting and measuring the progress of self-regulation are used. They further stated that the perspective that self-reporting can measure a static version of self-regulated learning has changed; self-reports are now used in more contextualised measures or in combination with other measures to triangulate the data (e.g. Panadero, Alonso-Tapia, & Huertas, 2012) .
The position taken in this paper is that feedback, self-regulation and self-efficacy are core concepts of the responsive pedagogy, and that responsive pedagogy can enhance student learning.
Interventions to enhance student learning
In the interest of making learning processes more efficient, multiple intervention studies aimed at fostering assessment and self-regulated learning have been conducted in schools (e.g. Boekaerts & Corno, 2005; Dignath & Büttner, 2008; Panadero, Klug, & Järvelä, 2016; Perels et al., 2009 ). Dignath and Büttner (2008) meta-analysis of 49 studies on primary schools and 35 on secondary schools found that the effect sizes for interventions fostering self-regulated learning in mathematics were higher among primary school students than for secondary school students.
Further, the effect sizes for mathematic performance at secondary school were found to be higher if the theoretical background of the intervention focused on motivational rather than metacognitive learning theories (Dignath & Büttner, 2008, p. 248 ). This aligns with Wigfield's (1994) findings that students' achievement beliefs in mathematics are reported as a negative development as they get older. Still, teachers work in developing motivational strategies and metacognitive reflections are found to be effective in interventions that mainly focus on strengthen students' cognitive strategies (Dignath & Büttner, 2008, p. 252) . These findings are based on theories claiming that older students benefit more from elaborating on the application of metacognitive strategies that they might already possess to reach a more sophisticated level of strategy use (p. 253). Following Zimmerman's (2000b Zimmerman's ( , 2002 model of developing self-regulated learning, students start learning by modelling and imitating. Only at the higher developmental levels can students control and regulate their own learning processes independently of others. In these stages, metacognitive reflection about when and how to use which strategy takes place independently of the teacher, while students require support in earlier stages (Zimmerman, 2002) . Still, it takes time to develop competency in self-regulated learning. Kim (2005) conducted an experiment in Korea with 76 six graders in mathematics over nine weeks to study the effects of a constructivist approach on academic achievement, self-concept and learning strategies, and student preference. The study revealed that constructivist teaching was more effective than traditional teaching in terms of academic achievement. Further, the constructivist teaching was not effective in relation to self-concept and learning strategies, but had some effect upon motivation, anxiety towards learning and self-monitoring.
These former intervention studies show that an emphasis on self-regulated learning, achievement emotions and affective dimensions seem to be important for enhancing student learning in lower secondary school. Further, cognitive and metacognitive strategies seem to be effective for enhancing students learning processes.
Methodology

Sample-recruitment and participants
Principals from schools in western Norway were invited to an information meeting about the project. This was done in accordance to research emphasising a need for involvement by the schools' leadership (Borko, 2004) . Nine schools that expressed an interest in the project received a letter of invitation with information about the intervention study. Math teachers teaching grade 9 were invited by the principals at each school to participate in the project. The number of classes amounted to 40, the same number as participating teachers. The schools agreed to take part as experimental schools, and the involved teachers signed consent forms to participate in accordance with the Norwegian Centre for Research Data (NSD). The schools were both rural and urban and differed in size. It should also be noted that the school principals (or vice principals) were asked to participate in the intervention activities at the project level as well as at the regional and school levels.
In addition, 11 compatible schools were recruited as a control group. Both in the experiment and the control group the students responded to a pre-post questionnaire and conducted a pre-post achievement test. An overview of the number of participants who answered throughout the study is found in Table 1 .
The intervention on responsive pedagogy
In this study an aim for the intervention was to develop the teachers' responsive pedagogy to enhance student learning in mathematics through feedback dialogues, students' self-regulatory processes, and by strengthen students' beliefs in their abilities to master mathematics. The intervention period lasted for seven months and included three seminars hosted by the research team for all participating teachers. Each seminar focused on a central part of responsive pedagogy; feedback interactions, self-regulation and self-efficacy. In the first seminar about feedback interactions the participating teachers were introduced to theories on feedback dialogues (e.g. Gamlem, 2015; Hattie & Timperley, 2007) to enhance student learning, and some principles for feedback (e.g. timing). Further examples were shared and discussed among the participants. In the second seminar theories about self-regulation (e.g. Zimmerman, 1986; Zimmerman, 2001) were introduced to the teachers. Discussions about how self-regulation can be implemented in the classrooms were discussed among the participating teachers and researchers. In addition, professor Anna Sfard (University of Haifa) held a lecture and discussed the topic: "How to develop mathematical discourses". In the third seminar the teachers worked with the concept self-efficacy. This seminar started with a lecture by Associate Professor Karin S. Street (Oxford University). Further, the teachers discussed their understanding of this concept and shared experiences of how this might be seen in students' behaviour in the classroom.
A core principle of the intervention was that the teachers should not be told by the research team how to provide e.g. feedback, but rather be empowered by enriching their present responsive pedagogy so they should be able to develop practices addressing self-regulation and self-efficacy in dialogues with their students. By focusing on the individual professional development aspect, we realised the rigour of the study is reduced, as the teaching practices were not uniform. Support for this decision was found in Timperley's work (Timperley, 2011; Timperley, Wilson, Barrar, & Fung, 2007) stating that by using established practice and meeting external expertise, teachers will be empowered to develop their own understanding and practice of responsive pedagogy, thereby enhancing affective, cognitive and metacognitive aspects of students' learning of mathematics.
The intervention is thus a weak form of manipulation at the group level (Johnson, Russo, & Schoonenboom, 2017) . The cause (responsive pedagogy) is manipulated in an experimental group at the individual level. Before the intervention, natural teacher-student interactions occur, and during the intervention, teachers emphasise responsive pedagogy in their interactions with their students to enhance student learning.
The average effect on the intervention will be obtained by comparing students with an emphasis on responsive pedagogy (the experimental group) to students who do not have a manipulation of responsive pedagogy (the control group). Johnson et al. (2017, p. 8) explained that "such cases have been called counterfactual causation, but they contain manipulation as well because the independent variable is said to be manipulated".
Data collection
The research design was a non-equivalent control group of pre-test/post-test design (see Table 2 ). In this study, data were collected through a self-report questionnaire for students in paper-form and through a national achievement test in mathematics that was digitally (pre-and post-intervention). The achievement test was answered a few weeks prior to the questionnaire.
The pre-measure questionnaire was administered in September 2016. The total response rate was 90%, N = 1899, (Intervention group, 94%, N = 1003; control group, 85%, N = 896).
The post-measure questionnaire was administered in April/May 2017, with a total response rate of 81.3 % for those participating in both the pre-and post-measures (n = 1612). The post-measure questionnaire took place immediately after the completion of the intervention.
Based on an information letter from the research group, the teachers administered the questionnaire and achievement test in their mathematics classes. Confidentiality was maintained by placing the answered questionnaires in an anonymous envelope with an ID number, and the envelopes were returned to the research group.
Questionnaire
To measure constructs as learning strategies and affective dimensions of self-regulation, items of the Norwegian version of the Cross-Curricular Competencies questionnaire (CCC) (Lie, Kjaernsli, Roe, & Turmo, 2001) were used. The research group contextualised the items into mathematics. Anxiety and enjoyment were measured by items from the Achievement Emotions Questionnaire-Mathematics (AEQ-M) (Pekrun, Goetz, & Frenzel, 2005) . The anxiety scale consisted of six items, two items from each of the three contextual dimensions of anxiety (Class-related, learning-related and test-related). The enjoyment scale was based on eight items from the same manual (Pekrun et al., 2005) and was composed of items from the different contextual dimensions. A 4-point Likert scale with the responses strongly disagree (1), disagree (2), agree (3) and strongly agree (4) was used. Negatively worded items were reversed before calculating the total score for the scales. The students were given 45 minutes to answer the questionnaire. Table 3 shows item examples and the Cronbach's alpha for each subscale in the student questionnaire.
Achievement test
Achievement in mathematics was measured by the Norwegian national test in mathematics for 9th grade students. Two sample questions from the test is presented in Figure 1 . The pre-test was the ordinary national test in mathematics organised digitally for all schools in Norway in September 2016. The participants had 90 minutes to answer the pre-and post-achievement test. The post-measure test was organised digitally by the research group in June 2017 using the same test as for the pre-measure (baseline). To counteract the potential ceiling effect, five assignments at the upper level of difficulty were added in the last part of the test. These five assignments were suggested by the teachers involved in the intervention (N = 40). The achievement tests were both completed digitally and manually paired with the questionnaire data in SPSS.
Intervention treatment-control variable
The questionnaire included an item pool of 32 items measuring different aspects of responsive pedagogy. Based on the content of responsive pedagogy in the intervention, the researchers marked items that reflected the intervention most. Items marked by five or all six researchers were included in an intervention-control variable. 12 items met these criteria, and these were used in a scale named the "Responsive pedagogy intervention index" (see Table 3 for item example). Only classes that showed improvement from pre-to post-measure or were stable on the responsive pedagogy intervention index were included in the analyses for the intervention group. Classes that had a negative development on the responsive pedagogy intervention index were excluded from further analysis. Therefore, the sample of the intervention group was reduced to 494 students (see Table 1 ).
Data analysis
Descriptive analysis, Chi-square, independent samples t-test and the One-way ANCOVA analysis were done on IBM SPSS Statistics 24 for the pre-and post-questionnaire and the pre-and postachievement test in mathematics.
Missing data
Analyses of missing data revealed that in the questionnaire, the single-item-missing percent was between 5.6% and 11.8% (M = 7.5, SD = 1.13). One possible reason for this discrepancy is that the questionnaires were optically scanned into a database, and that the students did not carefully fill in the answers within each box. This might indicate that the missing data are random. Missing data were replaced by a mean score at the single-item level, so no participants were excluded from the analysis. For the achievement test, only participants that had been part of both the pre-and posttest were included in the analysis. Table 4 displays the comparison of the intervention and control groups, revealing minor sociocultural background and demographical differences between the groups. Descriptive statistics for scales and variables used in the main analysis are shown in Table 5 : learning strategies (rehearsal, elaboration, control strategies), affective dimensions (task value motivation, effort and persistence, self-efficacy, self-concept), achievement emotions (anxiety, enjoyment) and achievement (achievement in mathematics). These variables are presented at the pre-measure (t1) and post-measure (t2) for the intervention.
Results
Demographic and descriptive statistics
Correlation among the variables
The results showed significant correlations (p < .01) between all the variables, except for two correlations in the anxiety scale (see Table 6 ). The significant correlations at the .01 level ranged from r = .07 to r = .76. The highest significant correlations were between variables in the affective dimensions-self-conception and self-efficacy, r = .76, p < .01-and the achievement emotionsenjoyment and task value motivation, r = .74, p < .01. The responsive pedagogy intervention index (RPII) showed significant correlations with all variables (p < .01), except for the anxiety variable (r = −.18, p < .01).
Inferential statistics, one-way ANCOVA
A series of 10 one-way between-groups analyses of covariance (ANCOVA) was conducted to investigate the effects of the intervention (See Table 7 ). The independent variable was the intervention, and the dependent variables were learning strategies (rehearsal, elaboration, control strategies), affective dimensions (self-efficacy, self-conception, task value motivation, effort and persistence), achievement emotions (anxiety, enjoyment) and achievement in mathematics. Students' scores on the questionnaire and the national test in mathematics served as a pre-measure and were used as the covariate in the analysis. Preliminary checks revealed no violation of the assumptions of normality, linearity, homogeneity of variances or homogeneity of regression slopes.
After adjusting for pre-measure scores, there were significant differences between the intervention and control groups for seven of the dependent variables on post-measure scores. When computing for effect size (Cohen's d) for the variables, very low effect sizes were found (See Table 7 ).
Summary-non-equivalent control group of pre-test/post-test study
This study revealed small, significant short-term differences between the total scores for the pre-and post-measures in the intervention group for the variables: elaboration, task value motivation, effort and persistence, self-efficacy and self-conception. Furthermore, we found significant differences between the intervention group and the control group for the two variables in the scale achievement emotions anxiety and enjoyment. The results revealed no significant differences between the groups for the variables rehearsal, control strategies and achievement in mathematics.
Discussion
Small significant differences were found between the total scores for the pre-and post-measures for the intervention group in the cognitive scale learning strategies (elaboration), affective dimensions (task value motivation, effort and persistence, self-efficacy and self-concept) and achievement emotions (anxiety and enjoyment). These results align with former studies presented in this article (e.g. Frenzel et al., 2007; Hafen et al., 2015; Zimmerman et al., 1992) . The results revealed no significant differences between the intervention and control groups for the variables rehearsal and control strategies. Montague (2003) and Swanson and Jerman (2006) claim that cognitive strategy instruction which incorporates research-based practices and procedures influences mathematical learning. Still, our analysis revealed no significant differences between the groups for achievement in mathematics. This indicates that responsive pedagogy does not necessarily strengthen students' mathematical learning. It might be that responsive pedagogy gives better outcome in problem solving and modelling (e.g. Montague, 2003; OECD, 2019) than in obtaining elementary algebraic skills. Since this intervention study aimed to strengthen teachers' responsive pedagogy for improving students' learning outcomes for feedback interactions, self-regulation and self-efficacy beliefs-explained as cognitive, meta-cognitive and affective dimensions-this result might be reasonable. Working with teachers' assessment practice might thus not necessarily lead to student achievement in e.g. mathematics. Baird, Andrich, Hopfenbeck, and Stobart (2017) state that assessment practices to improve learning must be examined further, as the evidence for the learning effects of assessments is still inconclusive. Their claim is supported by Bennett (2011) , who suggested that the evidence of formative assessments having an impact on learning is not sufficiently convincing. Bennet argued that assessments for learning rooted in pedagogical skills might be insufficient and that they should be domain-specific. This might be a critique of our project since responsive pedagogy was not deeply integrated in mathematics but was conceptualised in a more general pedagogical approach. Another reason for not finding an increase in student mathematics achievement might be that the effect was measured simultaneously with the completion of the intervention and there might be more evident long-term effects that the current study did not grasp. Still, we notice a change in students' attitude to learning mathematics, but this cannot be expected to have an immediate effect on their math achievements. Our study revealed small significant differences for the pre-and post-measures for the intervention group on the affective dimensions (task value motivation, effort and persistence, selfefficacy and self-concept) and achievement emotions (anxiety and enjoyment). This is interesting since self-efficacy beliefs have shown convergent validity in influencing key indices of academic motivation such as choice of activities, persistence, level of effort and emotional reactions (Zimmerman, 2000a) .
Emotions also predict academic achievement and are closely intertwined with essential components of students' self-regulated learning such as interest, motivation, strategies of learning and internal versus external control of regulation (Pekrun et al., 2002, p. 103) . Small significant improvement on the self-efficacy scale over the intervention period is promising, and outcome variables on affect, such as self-efficacy, have become important variables in research on selfregulated learning (e.g. Panadero, 2017; Panadero et al., 2017; Zimmerman et al., 1992) . Dweck (2008) claim that if an aim is to change students' attributions for success and failure, teachers should emphasise the importance of systematically using learning strategies appropriate to the task at hand. The way in which teachers give feedback to students about their use of learning strategies will probably influence their attribution for success or failure more than feedback regarding their abilities or effort.
Further, significant differences between the intervention group and the control group were found for the variables: anxiety and enjoyment in the achievement emotions scale. We argue that this result is incremental for student learning outcomes since positive activating emotions such as enjoyment of learning may enhance academic motivation (Pekrun et al., 2002) . Students seem thus more willing to invest their effort and time in mathematics if the learning activities are enjoyable and interesting rather than anxiety-laden or boring, something also former studies have found (e.g. Frenzel et al., 2007; Villavicencio & Bernardo, 2013) .
Summary and limitations
This study analysed dimensions in a responsive pedagogy in natural classroom settings over seven months that might strengthen students' self-regulation, self-efficacy and achievement in mathematics. We found effects on the cognitive dimension (learning strategy), elaboration and several affective dimensions, including self-efficacy, self-conceptions, task-value motivation and effort and persistence. Regarding metacognitive dimensions and mathematical achievement, we did not find any effects. Our contribution is therefore that our study points at the fact that immediate effect on learning achievements is not necessarily found when working with student learning on self-efficacy, self-regulation and feedback practices, and teachers, school leaders, and not least, policy makers should keep this in mind. However, this study revealed that aspects of learning, such as motivation, self-regulation and self-efficacy can be noticed immediately after intervention with teachers.
The analyses showed that a seven-month instructional intervention based on responsive pedagogy yielded significant short-term effects on student learning concerning students' self-efficacy, motivation, overall self-concept and self-regulation. Further, significant differences were found between the intervention group and the control group for the two variables in the scale achievement emotions, anxiety and emotions. An emphasis on teachers' practices in responsive pedagogy seemed to make learners believe in their own competence and ability to successfully complete tasks and meet challenges, thereby strengthening their self-efficacy in relation to mathematics and increasing their overall self-concept.
In this study the findings suggest that short-term effects can be noticed in the affective dimensions (more enjoyment, reduced anxiety) of learning mathematics. In relation to the cognitive dimensions of learning, specifically related to increased achievements in mathematics, the findings do not document any short-term effects. Further studies are needed to examine long-term achievement effects, for example, twelve months after the intervention. Furthermore, this study provides explanations for how learning in responsive pedagogy can be seen in classrooms and how it triggers aspects of cognition, metacognition, affects and emotions.
Regarding the limitations of the study, we would like to note that the responsive pedagogy intervention index (RPII) was constructed as a part of this research project and has not been validated. Still, based on the theoretical foundation for this article, the RPII shows good convergent validity with constructs of learning strategies, the affective dimensions and achievement in mathematics (see Table 6 ).
Further, we measure progress in learning by asking students to answer claims like: "When I am working on mathematics, I find out how the task fits into what I have already learned". It is difficult to know if the students understand these claims in the questionnaire, and therefore this should be regarded as a limitation.
Some of the sub-scales from the Cross-Curricular Competencies questionnaire (Lie et al., 2001) had a low number of items and showed insufficient Cronbach's alpha reliability. Due to theoretical foundations and prior research, these sub-scales correlated as expected with other scales in the study (Lie et al., 2001 ) that support the construct validity of these scales.
Demographic variables indicate that the control and intervention groups is 'similar'; still, interpretations must be made with caution due to sample size and the quasi-experimental design. Future research should investigate the long-term effects of responsive pedagogy interventions in longitudinal designs.
